Impact of Animal Manure Addition on Agricultural Lime Weathering in Acidic soil: PH Dependence and CO2 Independence of Agricultural Lime Weathering  by Chao, Song et al.
 Procedia Earth and Planetary Science  10 ( 2014 )  405 – 409 
Available online at www.sciencedirect.com
1878-5220 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Scientific Committee of GES-10
doi: 10.1016/j.proeps.2014.08.072 
ScienceDirect
Geochemistry of the Earth’s Surface meeting, GES-10 
Impact of animal manure addition on agricultural lime weathering in 
acidic soil: pH dependence and CO2 independence of agricultural 
lime weathering  
Song Chao*, Liu Changli, Zhang Yun, Hou Hongbing 
Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences,Shijiazhuang 050061, China 
Abstract 
To ascertain the impact of animal manure addition on aglime weathering in acid soil and to understand the contribution of 
carbonate weathering to the atmospheric/soil CO2 in acid soil profile, two contrastive profiles (control profile and manurial 
profile) in the HuaXi district of Guiyang, China were established, and carbonate rock tablets were buried in different depths of 
soil profiles to determine the weathering rate of aglime. The results showed that soil CO2 increased owing to animal manure 
addition, but the dissolution of carbonate rock tablets decelerated, which was attributed to the increase of pH in acidic soil after 
animal manure addition. The relationship between the dissolution rate of carbonate rock tablets and soil pH indicated that the 
weathering rate of aglime was controlled by pH rather than CO2 in acid soil. Thus, the contribution of protons in acidic soil as a 
weathering agent to riverine alkalinity may lead to the overestimation of CO2 consumption via chemical weathering at 
regional/global scale using hydrochemical methods. 
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1. Introduction 
Acidic soils comprise 3.95 billion ha of the world’s ice-free land or approximately 30% of the world’s arable 
land1, 2, and occupy about 30.2 million ha or 21% of Chinese arable land3. Agricultural lime (aglime), mainly as 
crushed calcite (CaCO3) or crushed dolomite [CaMg(CO3)2], is commonly added to these acidic soils to neutralize 
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the soil acidification. The addition of aglime exerts an important impact on carbon cycle from regional to global, 
increasing greenhouse gas (GHG) emissions due to the release of CO during aglime weathering and due to pH-
induced changes to soil biological processes4. Animal manure application can lead to an enhancement of soil CO2 
due to the mineralization of soil organic carbon5. Many incubation experiments show that N-rich organic residue 
decomposition and transformation in calcareous soils play a significant role on the contribution of CO2 emission6. 
Elevated soil CO2 can enhance carbonate dissolution rate at near neutral or alkali pH7, but it is still unclear in acidic 
soil. Therefore, this study was conducted to (1) ascertain the impact of animal manure addition in acid soil on 
aglime weathering; and (2) explore their implications to the source/sink of the atmospheric/soil CO2. 
2. Materials and Method 
The field experiment site was established in the HuaXi district of Guiyang, Guizhou, SW China, where the mean 
annual temperature and rainfall is 14.9 and 1229 mm, respectively, the soil is residual acidic soil of dolomite 
weathering with a depth of 0-1.25m overlying weathering dolomite crust. Two split soil profiles were established in 
this study (see fig. 1). To avoid the interference of  arable layer on the effectiveness of animal manure addition, an 
artificial soil layer Aa was established by the equal quality substitution of unfertilized soil nearby for the primary 
cultivated soil layer (~50cm above) (Fig. 1).  
Carbonate rock tablets (2cm1cm0.5cm in size), as the representative of the aglime added in acidic soil, were 
baked and weighed in laboratory. Then six tablets (three limestone tablets and three dolomite tablets) were 
suspended in the air, laid on the land surface, and buried at the six different depths in the same way at the two 
profiles, respectively. The dissolution rate of carbonate rock tablets (Rd) was calculated according to the formula: 
Rd=(Wi-Wf)/(T×S), where Wi and wf were the initial and final weight of the carbonate rock tablet, respectively. T 
and S represented the experiment time and surface area of the rock tablet, respectively. 
Soil gas tubes established at corresponding depths in the soil profiles. Soil CO2 was measured semiannually 
through the gas tube with a portable infrared/electrochemical analyzer (ATX620, Industrial Scientific). Soil 
chemical composition was determined by the Agro Services International (ASI) method.  
 
 
Fig. 1. the sketch map of field experiment design  
(a)- The sketch figure of experiment design; (b)-the location of field experiment site. Aa is an artificial layer, B is a light red clay layer with the 
depth of 50-125 cm, and C is a white weathering layer below 125 cm. 
3. Results and Discussion 
The dissolution rates of both limestone tablets and dolomite tablets in manurial profile were apparently less than 
those in control profile, indicating that the addition of animal manure inhibits the dissolution of aglime. The 
dissolution rates of both dolomite tablets and limestone tablets in each profiles at the upper three depths were less 
than those at lower depths due to the different soil chemical composition (alkaline soil vs acidic soil, see Table 1).  
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Soil CO2 concentrations in soil were 3-10 times larger than in the atmosphere, even up to 75 times after adding 
animal manure, and table 1 also shows that soil CO2 concentrations in manorial profile were larger than those in 
control profile in both summer and winter due to the microbial decomposition of organic carbon. Soil pH in the 
lower 50 cm of the control profile was acidic (pH 4.6~5), which has been proved by other studies of weathering 
crust at Huaxi, Guizhou province8. According to the weathering-pedogenesis theory9, the light red layer had suffered 
quite intense weathering and had undergone laterization with enrichment of iron and aluminum and depletion of 
silicon. This intense weathering environment is probably the reason why exchangeable acidity was found at the 
layer B of the control profile. The exchangeable acidity in acid (pH < 5.0) had been reported to be mainly 
exchangeable aluminium10. The addition of animal manure enhanced soil pH, especially in acidic soil at the lower 
50cm of soil profiles. This can be ascribed to the higher pH (pH=8.0) value of the animal manure liquid added to the 
manurial profile (by comparison the pH of water added to the control profile is 7.4). The increase of pH in acid soil 
after manure addition was also found in other study11. However, the soil pH at the second depth of soil profiles 
displayed a distinct decrease, suggesting that soil CO2 hardly impacted markedly on the pH of acid soil but can 
decrease pH of alkali soil. Thus soil CO2 is not an important control factor on soil pH in this acidic soil of karst 
areas. 
 
Table 1. pCO2, the dissolution rate of carbonate rock tablets and chemical composition of soil water in soil profiles 
 Depth (cm) 
Dissolution rate of carbonate 
rock tablets    (g·cm-2·a-1) 
pCO2 
(ppmv) 








(mg • kg-1) 
NO3--N 
(mg • kg-1) Limestone Dolomite summer winter 
Pc-1 20 0.0066 0.0023 4000 1100 7.51 0 0.66 4.70 27.50 
Pc-2  36 0.0056 0.0014 2000 900 7.90 0 1.37 6.65 60.50 
Pc-3  50 0.0043 0.0015 1250 800 7.42 0 0.98 6.99 21.89 
Pc-4  70 0.0178 0.0162 1550 900 5.01 2.29 0.89 6.42 58.33 
Pc-5  90 0.0169 0.0115 3950 2000 4.62 3.38 0.93 6.65 128.11 
Pc-6 105 0.0220 0.0172 6000 1900 4.73 2.75 0.86 6.99 79.76 
Pm-1 20 0.0045 0.0012 12200 2200 7.53 0 1.53 8.14 103.70 
Pm-2 36 0.0035 0.0011 30000 4900 7.79 0 1.53 6.42 62.34 
Pm-3 50 0.0020 0.0010 8100 2000 7.90 0 1.09 5.84 9.28 
Pm-4 70 0.0097 0.0041 9500 1800 7.48 0 1.10 4.70 4.01 
Pm-5 90 0.0144 0.0058 14000 2000 7.47 0 0.86 5.27 5.04 
Pm-6 105 0.0141 0.0062 14100 1900 5.46 0.80 1.12 3.55 18.79 
Atmospheric CO2 concentration is 400 μL·L-1 in summer and 300μL·L-1 in winter. The dissolution rate of limestone and dolomite in the air is 
0.0027 g·cm-2·a-1 and 0.0019 g·cm-2·a-1, and that on the land surface is 0.0009 g·cm-2·a-1 and 0.0003 g·cm-2·a-1, respectively. Pc=control profile; 
Pm=manurial profile. The exchangeable acid in acidic soil includes exchangeable H+ and exchangeable Al3+. 
 
The dissolution rate of carbonate rock tablets, soil pH and soil CO2 were plotted in figure 2. Figure 2 suggested 
that chemical weathering of aglime in acid light red soil was pH-control but not CO2-controlled, which can be 
explained by three parallel reactions occurring at the carbonate/water interface in the carbonate dissolution kinetics12. 
Generally, both H+ and H2CO3* are agents of carbonate weathering12, but the rate of dissolution was here controlled 
by pH at low pH levels13-14 as the acid soil (pH=4.62~5.01) in this study. The study on the carbon isotope of soil 
CO2 in studied area (-13.212~-14.271) (PDB) showed that 34%-46% of CO2 derived from the production of the 
reaction between the acidity and underlying carbonate15, showing that the soil CO2 was not the reactant but the 
resultant of carbonate or aglime weathering. 
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Fig. 2. The dissolution rate of carbonate rock tablets, soil pH and CO2 
 
Moreover, the above results about pH-control aglime weathering in acidic soil are raising another question. The 
riverine hydrochemistry, especially the riverine alkalinity as a significant indicator, was usually used to the 
estimation of CO2 consumption by carbonate weathering. However, strong chemical weathering at the interface 
between acid soil and underlying carbonate rock (e.g. figure 1) or/and aglime can produce HCO3- (and/or CO2) and 
transport into groundwater or rivers as the reactions: H+ + CaCO3Ca2+ + HCO3- and/or 2H+ + CaCO3Ca2+ + 
H2O+CO2. Thus, if riverine alkalinity produced from the above reactions is indiscriminately attributed to CO2-
control weathering, CO2 sink via chemical weathering would be overestimated more or less on. 
4. Conclusion 
We studied the impact of animal manure addition on chemical weathering of aglime added to acidic soil. The 
addition of animal manure with high organic matter content led to the enhancement of soil CO2 concentration. 
Interestingly, it did not promote the dissolution rate of aglime, which may be attributed to elevated pH after animal 
manure addition in acid soil, and pH control and CO2 independent of carbonate weathering in acid soil.  
The hydrogen ion from acid soil in subtropical karst areas, as a carbonate weathering agent, can result in failure 
to consume CO2 during the chemical weathering. This indicates that its contribution to riverine HCO3- can bring 
about a regional overestimation of CO2 consumption by chemical weathering in those areas where there is acid soil. 
Therefore, the contribution of the acidity in acidic soil to riverine alkalinity should be eliminated during the accurate 
estimation of CO2 consumption by chemical weathering.  
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